Abstract
temperature simulations among CMIP5 models and RCP scenarios, we applied a 141 widely used time sampling method (James et al., 2017; Mohammed et al., 2017; Marx 142 et al., 2018) to each GCM under each RCP scenario (referred to as GCM/RCP 143 combination hereafter). A 20-years moving window, which is the length of the 144 baseline period, was used to determine the first period reaching a specific warming 145 Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2018-255 Manuscript under review for journal Hydrol. Earth Syst. Sci. Discussion started: 16 July 2018 c Author(s) 2018. CC BY 4.0 License. 148 We used a two-step method similar to previous studies (Lorenzo-Lacruz et al., 2013;  149 Ma et al., 2015; Yuan et al., 2017) to extract hydrological drought characteristics in 150 this paper. At the first step, a hydrological drought index named as Standardized 151 Streamflow Index (SSI) was calculated by fitting monthly streamflow using a 152 probabilistic distribution function (Vicente-Serrano et al., 2012; Yuan et al., 2017) . 153 Specifically, for each calendar month, historical streamflow values in that month were 154 collected, arranged, and fitted by using a gamma distribution function. Using the same 155 parameters of the fitted gamma distribution, both historical and future 156 streamflow values in that calendar month were standardized to get SSI 157 values. The procedure was repeated for twelve calendar months, four RCP scenarios 158 and eight GCMs separately. The second step was identification and characterization of 159 hydrological drought events by a SSI threshold method (Yuan and Wood, 2013; 160 Lorenzo- Lacruz et al., 2013; Van Loon and Laaha, 2015) . Here, a threshold of -0.8 161 was selected, which is equivalent to a dry condition with a probability of 20%. 162 Months with SSI below -0.8 were treated as dry months, and 3 or more continuous 163 dry months were considered as the emergence of a hydrological drought event. To 164 characterize the hydrological drought event, drought duration (months) and severity 165 (sum of the difference between -0.8 and SSI) for a certain drought event were 166 calculated. 167 Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2018-255 Manuscript under review for journal Hydrol. Earth Syst. Sci. Discussion started: 16 July 2018 c Author(s) 2018. CC BY 4.0 License.
Identification of hydrological drought characteristics

Uncertainty separation
168
Given large spreads among future projections (including combinations of eight GCMs 169 and four RCP scenarios, as shown in shaded areas in Figure 3) The results for individual scenarios also suggest a decrease in drought frequency, but 272 an increase in drought severity (Figures 6b-6e Another issue is the reliability of results considering large differences among CMIP5 300 models. Figure 8 shows the uncertainty fractions contributed from internal variability, and hydrological drought frequency comes from climate models, while the impacts of 311 both internal variability and RCP scenarios are further weakened (Figures 8c-8d ).
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For total ensemble (see frequency were calculated by using naturalized streamflow data (Yuan et al., 2017) .
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Here, "*" and "**" indicate 90% and 99% confidence levels, respectively, while those 603 without any "*" show no significant changes (p>0.1). for streamflow and drought frequency were calculated by using naturalized streamflow data (Yuan et al., 2017) . Here, "*" and "**" indicate 90% 654 and 99% confidence levels, respectively, while those without any "*" show no significant changes (p>0.1).
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